After the devastating fi re that destroyed more than 90% of the collection of the National Museum of Brazil in Rio de Janeiro on September 2 nd , anthropologists feared that the remains of an early Native American nicknamed Luzia were lost in the rubble. However, much of the partial skeleton, which represents the oldest human fossil found in Brazil, could be salvaged from the debris relatively unharmed.
Ever since Luzia had been discovered in a cave in 1974 and dated to around 11,500 years, anatomical features of her skull have fed speculation about possible origins separate from the ancestry of today's Native Americans. Several genomes of ancient individuals with similar features found near Luzia, among a total of 71 ancient Americans reported in three separate projects, have now enabled scientists to put these speculations to rest.
The French archaeologist Annette Laming-Emperaire discovered Luzia near the cave at Lagoa Santa, a town near Belo Horizonte, where the Danish palaeontologist Peter Wilhelm Lund (1801-1880) had discovered 15 human skeletons during his groundbreaking excavations of extinct megafauna. All but one of these are now in the Natural History Museum in Copenhagen. Five individuals from the Lund collection have now had their genomes sequenced.
Meanwhile, in Nevada, USA, the Fallon Paiute-Shoshone tribe have fi nally been able to ceremonially bury the Spirit Cave mummy, famous as the world's oldest natural mummy and dated to 10,600 years old. After decades of deadlock between anthropologists who wanted the remains for continued studies and the Native Americans who claimed them as a relative, geneticist Eske Willerslev from the University of Copenhagen, Denmark found the golden compromise. The tribe agreed to his project to sequence the genome, on the understanding that it would likely prove the genetic relatedness to their tribe and thus strengthen their claim for repatriation of the remains. In a classic win-win, both got what they had hoped for. Willerslev, who had previously also found the right words to negotiate with indigenous groups in Montana and in other parts of the world including Australia (Curr. Biol. (2016) 26, R1119-R1121), was invited to the burial ceremony.
Other ancient American remains that have now joined the genome club include a milk tooth from a toddler of the ancient Beringian population in Alaska found at Trail Creek, an Inca mummy, and numerous other fi nds from southern Chile to the Californian Channel Islands. Each of these genomes has its own story, each representing a human individual with a highly exceptional afterlife, but in combination, these 71 new genome sequences from an area that until now only had three ancient genomes tell the story of how humans spread across the Americas.
Spreading southwards
What was known previously about the genetics of peopling of the Americas can be boiled down to three dates. Native American ancestry split from Siberian and East Asian populations around 25,000 years ago. It separated from Ancient Beringians, represented by the genome USR1 from the Upward Sun River site in Alaska, but now extinct, around 20,000 years ago. It then divided into two major branches around 16,000 years ago, with one spreading towards the Northeast of North America, and the other to the Southwest and into Central and South America.
With a major sequencing effort covering 49 ancient genomes representing time lines in four geographic regions, the groups of Johannes Krause at the Max Planck Institute of Human History at Jena, Germany, and David Reich at Harvard University, USA, among others, have been able to provide the fi rst answers to the question of what happened next (Cell (2018) 175, 1185-1197).
The researchers from 44 different institutions sequenced 49 ancient genomes from four separate regions in Central and South America, including
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In an extraordinary series of migrations, the descendants of a group of Siberians that had crossed into Alaska spread into North and South America. Now evidence from more than 70 ancient DNA samples provides details of the migrations. Genomes also show how the fi rst Americans coped with dramatically different climates and how they co-evolved with new staple crops, including the potato.
Michael Gross reports.
Pointing up: Archaeological evidence of the Clovis culture is widespread in North America. Genome analysis now suggests that people related to Clovis also lived as far south as Brazil. (Image: Reproduced with permission from Peter A. Bostrom.)
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Instead, the researchers were surprised to fi nd that these earliest genomes were closely related to the earliest North American genome known, that of the Anzick child from Montana, dated to 12,800 years ago and linked to the Clovis culture, as reported by Willerslev and colleagues (Nature (2014) 506, 225-229). This culture, which fl ourished between 13,000 and 12,600 years ago, is named after the archaeological discoveries made near Clovis, New Mexico. The Anzick child is the only burial known to originate from this culture.
The Clovis-related genomes in the study include several individuals dated to around 9,600 years ago present at the Lapa do Santo site in the Lagoa Santo area where Luzia was also discovered. The confi rmation that Luzia's people are related to the Clovis people puts to rest earlier speculation based on their anatomical features suggesting alternative origins.
Archaeological evidence of the Clovis culture, such as characteristically elaborate spear points made from fl int, is found across North America and on the Caribbean coast but not south of the equator. Thus, it appears that the Clovis-related group that reached Brazil must have either split off before the characteristic stone tools were developed, or migrated south without taking this cultural knowledge with them.
In either case, the descendants of that Clovis-related wave appear to have been replaced in a dramatic development from at least 9,000 years ago by a separate wave of migration that no longer showed evidence of close genetic links to the Anzick child from the Clovis culturealthough they still belonged to the same southwestern major branch of Native Americans. "The different groups in these migrations show evidence of very rapid splits from each other where the order of splits was diffi cult to resolve," notes Nathan Nakatsuka from Harvard, one of the joint fi rst authors of the Cell paper. "This could refl ect hunter-gatherers quickly moving into new areas to fi nd new food sources."
This other wave of migration reached all four regions studied and established populations that remained close to these locations, to an extent that specifi c genetic similarities with today's Native American populations in these regions can be detected. This genetic continuity across 9,000 years is remarkable in comparison to the dramatic population movements seen in Europe and some parts of Asia during this time, such as the migration that spread the Indo-European languages to Europe (Curr. Biol. (2018) 28, R679-R682). Nevertheless, it is supported by new genomic data from present-day Native Americans, where the Y chromosomes from northern Mexico to southern Brazil were found to form geographically-specifi c clusters dating back to 12,000 years ago, indicating male population structure over this length of time (T. Pinotti et al., Curr. Biol. in press) .
Another unexpected discovery was that of a genetic link between the Native Americans of the Californian Channel Islands and the populations that expanded in the Central Andes from around 4,200 years ago. The gene fl ow may have happened much earlier, however. The precise nature of this connection remains to be discovered. "It is thought that major climate change and agricultural developments were happening around this time, so this could refl ect population expansions that led to new mixtures of groups that we then detected in the later individuals in Southern Peru and Northern Chile," Nakatsuka explains.
Spirits of the caves
In a separate effort, a consortium led by Eske Willerslev sequenced and analysed Belize, Brazil, the Central Andes, and the southern cone of the continent. In each of the regions covered, the data span a timeframe of several millennia and go back to at least 9,000 years ago. The earliest sample in the study comes from the Los Rieles site in southern Chile and is 10,900 years old.
Modelling the relatedness of these genomes with respect to the three known genomes from North America, as well as external reference genomes from Asia and elsewhere, the researchers found that all of the individuals studied descend from the founding population that crossed into Beringia some 25,000 years ago, and, more specifi cally, to the southwestern branch of the two major branches that emerged in North America.
Thus far, the new results are simpler than some may have expected, but there are complications during the expansion into South America, as there have been at least four major movements.
The earliest genomes studied by Reich and colleagues reveal a very early movement into South America more than 11,000 years ago. The people that lived in Belize, southern Chile, and Brazil more than 9,000 years ago showed no specifi c relation to today's Native American population of these areas beyond the shared heritage of the southern branch of migrants out of Beringia.
Ancient heads: Remains of ancient Americans are valuable for science but also a sensitive issue for modern Native Americans, who see them as their ancestors, and rightly so, as genome studies now confi rm. This skull was recently discovered in Ecuador. (Image: Far Eastern Federal University press offi ce.) Current Biology 28, R1365-R1381, December 17, 2018 R1367 another 15 ancient genomes from across the Americas, including that of the Spirit Cave mummy from Nevada and fi ve of the Lagoa Santa specimens from the Lund collection (Science (2018) https:// doi.org/10.1126/science.aav2621). The independent analysis confi rms that there were several movements into South America, and it adds further elements of complexity.
In the earliest Brazilian Lagoa Santa individuals studied, the researchers discovered a unique genetic signature linked to Australasia, but not found in any of the North American or more recent South American samples. While it remains unclear how this signature got to Brazil without leaving traces elsewhere, this observation chimes with the Cell paper in suggesting that the earliest arrivals in South America were later replaced by a genetically distinct population. The Willerslev study modelled later South Americans as a mixture of these Lagoa Santa individuals and Central American ancestry related to the Mexican Mixe. How this fi nding relates to the Californian Channel Island connection found in the Cell paper is currently unclear.
Interesting differences are also found between the North American samples. To be able to fi t the data of four individuals from the Lovelock Cave in Nevada, the researchers had to resort to a hypothetical outgroup from Central America that provided genetic input to the later Lovelock genomes but not to the earlier ones.
This apparent expansion from Central into North America against the dominant direction of migration may have occurred after an archaeologically documented period during which aridity in the western Great Basin of North America led to population declines.
At the moment, the data are insuffi cient to establish whether or not the gene fl ow is related to the expansion into North America of the Numic languages, which represent one of many language families in the Americas. So far, the rich diversity of Native American languages has frustrated all attempts to construct a family tree with a single origin mirroring the genetic relatedness of all populations.
Genomes from the northern parts of North America, including Big Bar Lake, British Columbia, and Trail Creek Cave, Alaska, revealed some gene fl ow between the major branches of northeastern and southwestern Native Americans, but, on the largest scale, the established model of rapid radiation out of Beringia in two major branches has been upheld.
Adapting in the Andes
The rapid spread of people from Beringia down to Patagonia is all the more remarkable as it involves dramatic changes in climate and ecological environments to which expanding populations had to adapt. A case study in adaptation is the move into the Andean highlands, which geneticists John Lindo and Anna Di Rienzo at the University of Chicago, USA, and colleagues have studied in collaboration with archaeologist Mark Aldenderfer from the University of California at Merced, USA. Their analysis is based on seven ancient genomes of people who lived near Lake Titicaca (altitude 3,810 metres) between 6,800 and 1,400 years ago (Sci. Adv. (2018) 4, eaau4921) .
The researchers compared the ancient genomes to 25 new genome sequences and additional genetic data obtained from two groups of modern Native Americans, namely the Aymara, agropastoralists from the Bolivian side of the Lake Titicaca area, and the Huilliche-Pehuenche, huntergatherers from the coastal forests of Southern Chile.
The analyses revealed that the highland populations split from lowland Native Americans between 9,200 and 8,200 years ago. Looking for signals of strong natural selection, the researchers were expecting to see altitude adaptations, but the strongest signal turned out to be a gene linked to the metabolism of starch in the small intestine, encoding the enzyme maltase-glucoamylase (MGAM).
The Lake Titicaca basin is one of the original nucleation sites of agriculture (Curr. Biol. (2013) 23, R667-R670), with starch-rich crops such as the potato being among the fi rst domesticates. Thus, the genetic selection refl ects this change in diet and yields another example of the co-evolution of people and their diet (Curr. Biol. (2017) 27, 731-733) . Notably, Europeans also adapted to the digestion of starch, but evolved a different solution to the problem, namely the activation of the starch-degrading enzyme amylase produced in the saliva.
Only the second-strongest selection signal discovered may be related to altitude adaptation. It concerns DST histone modifi cations, which have been linked to an enlargement of the right ventricle of the heart in Andean people, which in turn may be an adaptation to the relatively low availability of oxygen at high altitudes.
Again, this adaptation differs from responses seen elsewhere, e.g. in Tibetan highlanders, where the EPAS1 gene High life: Ancient American populations settled in the Andean highlands more than 8,000 years ago, including the surroundings of Lake Titicaca, shown here. (Image: Bobistraveling/Flickr.)
R1368 Current Biology 28, R1365-R1381, December 17, 2018 encoding hypoxia-inducible factor 2 is a key target of selection. A recent study of contemporary Argentinian highlanders compared with lowlanders also found evidence of adaptation in the EPAS1 gene (Sci. Rep. (2017) 7, 13042) .
Lindo and colleagues also used their genome comparisons to look for impacts of the Spanish conquest on the Andean population. Their results suggest that the remote Andean populations suffered only a surprisingly modest reduction in effective population size of 27%, compared with much more dramatic declines in the surrounding lowland populations. The analyses also revealed selective pressures favouring the chances of surviving smallpox, which was one of the infectious diseases that had devastating effects in the Americas after European contact.
Open questions
Even though these 71 ancient genomes, along with a growing spread of the sequencing coverage of contemporary people, are a major leap towards understanding the peopling of the Americas, there are many questions that remain to be resolved.
On the background of remarkable demographic continuity after the initial spread, there is hope that more can be found out about the few major movements that did happen. The Clovis culture of North America, for instance, clearly failed to leave a genetic heritage in South America for reasons that remain to be discovered.
Perhaps the most glaring gap in our understanding of American prehistory relates to the phenomenal diversity of Native American languages, which was very little appreciated and rapidly decimated by European colonialists. So far, linguists have failed to agree on a family tree of languages that refl ects the spread from Beringia so clearly evident in the genomes.
Were the fi rst migrants a multilingual population? Or did the languages of the fast-moving branches evolve too rapidly for us to recognise their relatedness? More interdisciplinary research will be needed to put fl esh on the bones of the fi rst humans that conquered the Americas.
